Background. Failure-to-rescue is defined as the conditional probability of death after a complication, and the failure-to-rescue rate reflects a center's ability to successfully "rescue" patients after complications. The validity of the failure-to-rescue rate as a quality measure is dependent on the preventability of death and the appropriateness of this measure for use in the trauma population is untested. We sought to evaluate the relationship between preventability and failure-to-rescue in trauma. Methods. All adjudications from a mortality review panel at an academic level I trauma center from 2005-2015 were merged with registry data for the same time period. The preventability of each death was determined by panel consensus as part of peer review. Failure-to-rescue deaths were defined as those occurring after any registrydefined complication. Univariate and multivariate logistic regression models between failure-to-rescue status and preventability were constructed and time to death was examined using survival time analyses. Results. Of 26,557 patients, 2,735 (10.5%) had a complication, of whom 359 died for a failure-to-rescue rate of 13.2%. Of failure-to-rescue deaths, 272 (75.6%) were judged to be non-preventable, 65 (18.1%) were judged potentially preventable, and 22 (6.1%) were judged to be preventable by peer review. After adjusting for other patient factors, there remained a strong association between failure-to-rescue status and potentially preventable (odds ratio 2.32, 95% confidence interval, 1.47-3.66) and preventable (odds ratio 14.84, 95% confidence interval, 3.30-66.71) judgment. Conclusion. Despite a strong association between failure-to-rescue status and preventability adjudication, only a minority of deaths meeting the definition of failure to rescue were judged to be preventable or potentially preventable. Revision of the failure-to-rescue metric before use in trauma care benchmarking is warranted. (Surgery 2017;161:782-90.) 
SINCE THE INTRODUCTION OF THE CONCEPT >20 YEARS AGO, FAILURE-TO-RESCUE (FTR) has become a widely used metric of quality of care. Failure-to-rescue is defined as death occurring after a complication 1 and has been shown to correlate better with inhospital mortality than the complication rates alone after cardiac surgery, 2,3 vascular surgery, 4, 5 general surgery, 4, 6 pancreatectomy, 7, 8 pulmonary resection, 9 and surgery for head and neck cancer. 10 Recently, this relationship also has been demonstrated after traumatic injury. 11, 12 The FTR rate also is associated more strongly with potentially modifiable factors specific for institutional systems, such as nurse-to-bed ratios, 13 nurse education levels, 14 and physician board certification status 1, 15 than complication rates, which are associated more strongly with non-modifiable patient factors such as age or comorbidities. 16 FTR rates are therefore, a more desirable measure of quality of care than complication rates because the complication rates reflect patient severity, while the FTR rate reflects allegedly how centers respond to complications once they have occurred. 17 From a conceptual standpoint, the term "failureto-rescue" implies that rescue is possible, and death is, therefore, a failure. But, as with complications and death, not all FTR events are preventable. 12, 18, 19 Additionally in trauma cohorts, the majority of deaths after injury occur without a recorded, preceding complication, thus early traumatic deaths usually do not meet the definition of FTR. 20 As trauma center mortality rates and other quality metrics appear to be exerting an increasing role in reimbursement based on pay-for-performance 21 and as hospitals devote increasing resources to improving patient safety, a greater understanding of FTR in the trauma population (and possibly in other operative settings as well) is necessary.
In this retrospective cohort study, we aimed to describe the association between FTR status and preventable mortality, as adjudicated by mortality review panels. We hypothesized that after controlling for the characteristics of the demographics and the injury, FTR status would be associated strongly with preventable or potentially preventable deaths. We further intended to define patient characteristics associated with both FTR status and preventability adjudication. Lastly, we also sought to define differences in the timing of death in FTR and non-FTR deaths according to preventability adjudication.
METHODS
After receiving approval from the University of Pennsylvania's Institutional Review Board, we performed a retrospective, cohort analysis of our institutional trauma registry from 2005-2015. Our trauma center is a mature, academic, urban, level 1 trauma center accredited by the Pennsylvania Trauma Systems Foundation (PTSF), the regulatory body responsible for overseeing all trauma programs throughout the Commonwealth of Pennsylvania. 22 As a stipulation for accreditation, Pennsylvania trauma centers require trained registrars to abstract data for all trauma patients and monitor the data for completeness and quality.
All inpatient trauma patients during the study period were included. Patients <18 years of age and those with primary burn wounds were excluded. Demographic information (age, race, sex), physiologic data (admission Glasgow Coma Score [GCS], GCS subscores, systolic blood pressure, pulse, respiratory rate, and temperature), and pre-existing medical conditions were abstracted from the trauma registry, as was the mechanism of injury (blunt versus penetrating) and injury severity as measured by injury severity score (ISS). 23 Pre-existing conditions were defined per Pennsylvania Trauma Outcome Study registry definitions 24 ; for the purpose of analysis, patients were categorized as having none, 1-2, or $3 preexisting comorbidities.
The cohort of interest in this study was all patients who died in the hospital, and the primary exposure of interest was the adjudication of preventability as decided by a mortality review panel. At our institution, the panel consists of the trauma medical director, the trauma program director, the performance improvement coordinator, and attending trauma surgeons. In addition to collecting data on injured patients, the PTSF mandates that trauma centers review all deaths to identify opportunities for improvement of care and to judge whether the death was non-preventable, potentially preventable, or preventable (Table I) . Cases are first assigned randomly to surgeons not involved in the case for review. Each mortality then is presented at monthly mortality review meetings for discussion and consensus regarding preventability. In the event that consensus cannot be reached, voting by simple majority of surgeons is used. All review determinations of performance improvement are entered prospectively into the database.
The primary outcome of interest was FTR status. A FTR case was defined as a death after any PTSFdefined complication. In a previous work, we have limited the definition of FTR in trauma patients to those deaths occurring after major complications, with "major" defined as the complications noted in the sentinel publication on FTR 1 and those associated with mortality in univariate analyses. 20 For the purpose of this work, we expanded the definition of FTR cases to include deaths preceded by any complication, in order to increase the precedence rate and thus include a greater proportion of deaths. 17 The definitions of the PTSF 2014 Operational Manual Database Collection System, Appendix 9 were used as complications. 22 Baseline variables between FTR and non-FTR cases were examined using the v 2 test for categorical variables and the Mann-Whitney or KruskalWallis test for nonparametric continuous variables. Parametric continuous variables were compared using t test or 1-way ANOVA tests, as appropriate. Univariate logistic regression was used to examine the association between FTR status and patient variables. Variables associated with FTR status and P < .1 were considered for inclusion in a multivariable logistic regression model to test the association between FTR classification and preventability.
To examine the differences in the timing of deaths between FTR and non-FTR cases, survival times were examined using Kaplan-Meier curves. The assumption of proportional hazards was checked, and then log-rank tests for equality of survivor functions were conducted between preventability categories. All statistical analyses were performed using Stata version 14.1 (College Station, TX).
RESULTS
In total, 26,557 patients were evaluated for inclusion in the study. After excluding pediatric patients and those with a primary injury mechanism of burn, 26,036 patients remained in the cohort (Fig 1) . Overall, the study population was 54% African-American, 70% male, and with a median age of 40 years (interquartile range [IQR] was 26-56 years). The mechanism of injury was predominantly blunt (78%), with a median injury severity score (ISS) of 5 (IQR 1-13). Complications occurred in 2,735 (10.5%) patients, of whom 360 died for a FTR rate of 13.2%. During the study period, there was a statistically significant decrease in the FTR rate from 17.3% in 2005 to 10.6% in 2015 (P < .01). In total, 1,377 of 26,036 (5.2%) of patients died. In the 1,377 patients who died, 820 (61%) were African-American, 80% were male, and the group had a median age of 40 years (IQR 24-68 years) with a median ISS of 26 . The majority of all deaths were considered non-preventable (1,239 or 90.0%), while only a minority were considered potentially preventable (109 or 7.9%) or preventable (24 or 1.7%).
When comparing FTR versus non-FTR cases, we found significant differences across a wide range of patient characteristics (Table II) . Patients who experienced FTR deaths were older (median age 57.5; IQR 31-77) vs 35 (IQR 23-59) years of age (P < .001), more likely to be female (24% vs 18%, P = .15), and more likely to have sustained blunt trauma (76% vs 44%, P < .001). FTR cases were more physiologically stable as measured by the revised trauma score 25 (5.03; IQR 3.51-7.84) vs 2.93 (IQR 0-4.09; P = .001), had a greater injury burden (median ISS 26; IQR 17-38) vs 26 (IQR 10-35; P < .001), and had a greater predicted survival by Trauma and Injury Severity Score (TRISS) 25 methodology. FTR cases were more than twice as likely to have undergone an operation (38% vs 15%, P < .001) and had greater durations of stays in the intensive care unit (median 4; IQR 1-10.5) vs 0 (IQR 0-1) days (P < .001). As with non-FTR cases, the majority of FTR cases were classified as non-preventable by panel review; however, a greater proportion of cases in the FTR group were considered potentially preventable (18% vs 4% P < .001) or preventable (6% vs 0.2%, P < .001). Of the 24 deaths judged preventable in the study period, 22 (91%) were FTR deaths. Examining the subset of FTR deaths by preventability status (Table III) revealed several findings. Demographic variables such as age, race, or sex were not associated with adjudication of preventability, nor were characteristics of injury as measured by injury mechanism, ISS, or maximum score on the abbreviated injury scale. 26 Presenting physiology as measured by GCS subscore and RTS was, however, associated strongly with preventability in a stepwise fashion, such that the less physiologically compromised the patient was on arrival, the more likely the death was to be considered preventable. This association was reflected in the predicted probabilities of survival as derived from the Trauma and Injury Severity Score (TRISS) and the A Severity Characterization of Trauma (ASCOT) methodology (Fig 2) .
In multivariable logistic regression modeling, preventability adjudication remained strongly and statistically associated with FTR status. Relative to non-preventable adjudication, the odds of potentially preventable and preventable adjudications being FTR cases were 2.3 (95% confidence interval [CI], 1.5-3.7) and 14.8 (95% CI, 3.3-66.7), respectively. Other factors associated with FTR status included a blunt mechanism of injury, ISS, revised trauma score, having $3 pre-existing conditions and having undergone an operation (Table IV) .
Kaplan-Meier plotting revealed that median survival time was less in the non-FTR group than in the FTR group (0.2 days [95% CI, 0.004-0.79]) vs 5.0 days (95% CI, 0.81-12.8), LR test (P < .001). When stratified by FTR case status, there were no differences in survival time by preventability adjudication in the non-FTR group (non-preventable: 0.2 days [95% CI, 0.1-0.2]) versus potentially preventable: 0.1 days (95% CI, 0.5-0.2) versus preventable: 0.24 days (95% CI, 0.24Àunbounded; P = .2). In the FTR group, survival time increased with preventability adjudication (non-preventable: 3.1 days [95% CI, 2.1-4.8]) versus potentially preventable: 10.0 days (95% CI, 5.4-12.5) versus preventable: 14.9 (95% CI, 6.2-25.3; P = .004; Fig 3) .
DISCUSSION
In this investigation of deaths after trauma at our level 1 academic institution, we found that nearly all deaths judged preventable were FTR cases. Conversely, we also found that the majority of FTR cases were deemed non-preventable by an expert mortality review. Ideally, when attempting to measure quality of care using outcome metrics, trauma centers should only be judged on the subset of negative outcomes that are truly preventable. Pragmatically, however, the issue of preventability may be difficult to ascertain reliably. In a systematic review of quality indicators often used to evaluate and compare trauma centers, Stelfox et al 27 determined that that peer-reviewed preventable death was the quality metric with the most robust evidence in regard to its association with improved outcomes after implementation. Our results, with only 1.7% of all trauma deaths deemed preventable and 7.9% deemed potentially preventable, are consistent with published literature. 28 When examining the relationship between preventability and death, deaths judged preventable or potentially preventable had greater predicted survival rates by both TRISS and ASCOT scoring systems than non-preventable deaths. We also found that patients with FTR deaths deemed preventable had a greater predicted survival rate than those deemed potentially preventable or nonpreventable. The inverse association between predicted survivability and preventable death suggests that non-patient factors, such as physician decision-making or obstacles to escalation of care may be responsible. In an institutional investigation of the causes of preventable and potentially preventable deaths, Teixiera et al 28 determined that preventable deaths usually were due to a delay in treatment, an error in clinical judgment, a missed diagnosis, or a technical error. Focus on these areas, therefore, is more likely to lead to a durable improvement in patient safety and rates of FTR. The finding that the FTR metric, as it is defined currently in the trauma population, includes mostly non-preventable deaths suggests that there is room for improvement with respect to precision and that the FTR metric may not be appropriate.
Other work investigating the contributions of patient demographics to complication and mortality rates have reported that the elderly have been shown to have greater mortality rates 29 and poorer outcomes 30 after injury than younger patients. With respect to race, African-American patients have been shown to have greater rates of complications and mortality than patients of other races, even when controlling for injury severity and comorbid diseases. 31 Additionally, some studies have demonstrated that women are less likely than men to develop complications after trauma, but women who do have a greater mortality rate than similarly injured men. 32 In the subset of FTR deaths, patient factors that might be expected to be associated either positively or negatively with preventability status, such as patient demographics, injury severity score, and pre-existing conditions, were not different between groups. This finding is in keeping with the FTR theorem, in which the occurrence of a complication can be considered as a marker of patient complexity, because patients with complications are similarly complex, the subsequent FTR cohort is relatively insensitive to differences in patient demographics. 1, 16 In survival analysis, we found that there was clear separation of timing between FTR and non-FTR cases. Nearly 75% of non-FTR cases survived <1 day, whereas the median survival for FTR cases was z5 days. This finding was not unexpected, because many of the complications that create opportunity for FTR events take time to develop. Within FTR deaths, there was clear separation of Kaplan-Meier curves by preventability judgments such that on average, the longer a patient survived after the injury, the more likely the eventual death was to be judged preventable. It may be that many deaths that occur immediately after arrival to the trauma bay are perceived to be secondary to progression of unsurvivable injury, and therefore may be more likely to be considered non-preventable. 33 Greater durations of stay also may allow for greater interaction between the patient and the trauma center, thereby increasing the opportunity for suboptimal patient care to occur.
As with any retrospective cohort study, our work has limitations. First, because only data from a single institution were used, the results may not be generalizable to institutions with varying patient populations and processes of care and efforts of quality improvement. Furthermore, we did not investigate all patient characteristics that have been shown elsewhere to be associated with FTR, such as insurance status, 34 transfusion requirement, or admission lactate. It should be noted, however, that our complication rate, death rate, and preventability adjudications parallel closely those of other published studies, and thus we suspect our findings may in fact reflect a general paradigm. Second, the relatively low-moderate interrater reliability of classification of deaths by internal mortality review panels is a known limitation of this methodology. Because the adjudications reached by our review panel are not necessarily those that would have been reached by independent external reviewers, the association between FTR status and preventability adjudication will need to be confirmed in other cohorts or by blinded non-biased reviewers. Investigation of this question using independent external reviewers is an important step to eliminate potential bias in the determination of preventability. Finally, issues of preventability aside, this work does not address the "appropriateness" of deaths that occurred. For example, death may be an appropriate outcome after de-escalation of care for an elderly patient with multiple comorbidities at the request of family members. In this circumstance, failure to allow death would in fact represent a breakdown of the system 35 and a worse quality of care. In other words, the preventable must be distinguished from the inevitable 36 and because any interventions made by hospitals will likely be costly and time-and resource-intensive, 37 appropriate and attainable targets must first be identified.
In conclusion, although we find strong evidence that those deaths identified as FTR by the traditional definition are associated strongly with potentially preventable and preventable adjudications by mortality panel review, the majority of FTR deaths were deemed to be non-preventable, suggesting that a better understanding of what is truly a failure of medical care is needed for FTR to be considered an accurate measure of hospital quality in the trauma population. As hospital quality and quality of care become increasingly common household terms, dissemination of what really is and is not high-quality care is of vital importance.
